


Increasing drought frequency

Increasing temperatures

Increasing Rainfall



Increasing Relative Densities  

Woodall & Weiskittel . 2021

Increased Risk to Insects and Disease

Krist et al. 2018



Have changes in forest structure and composition resulted in increased 

vulnerability to climate, insects and disease?

Are there any specific regions in which these changes are occurring or not 

occurring?

Are these changes consistent in both overstory and understory?



Spruce Fir  

Soren Donisvitch (L) and Shane Miller (R) Photo: J. Zukswert.

Maple-Beech-Birch

Photo: Patricia Swain

Pitch Pine - Oak

Oak-Pine

Hemlock-Hardwoods



Individual species 

scores 
Potter et al., 2017

Vulnerability to Climate

Potter et al., 2017

Vulnerability to Insects 

and Disease
Potter et al., 2019

Adaptability 

MODFACs

Mathews et al., 2012
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Number of  plots = 25713

Median Time Difference = 15 years

Average ROI plot score error ~ 0.014

Time 1

• 1998-2012

• N=25713

• Plot – Plot

• Filter score 
error

Time 2

• 2013-2021

• N=25713

• Plot – Plot

• Filter score 
error

Apply Scoring 

Frameworks to 

individual species for 

tree and seedling plots

2 sample* comparison approach  

* Following methodology employed in Woodall & Weiskittel . 2021

Select and 

Filter

Plot-plot max 

time



T test p-value = 1.535113e-12

𝐻𝑉𝐿𝐴 = 𝐴𝑑𝑎𝑝𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑡𝑟𝑒𝑒 𝑝𝑙𝑜𝑡∗+ 𝐶𝐶𝐿𝑡𝑟𝑒𝑒 𝑝𝑙𝑜𝑡 + 𝐶𝐼𝐷𝑡𝑟𝑒𝑒 𝑝𝑙𝑜𝑡+ 𝐴𝑑𝑎𝑝𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑝𝑙𝑜𝑡+ 𝐶𝐶𝐿𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑝𝑙𝑜𝑡 + 𝐶𝐼𝐷𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑝𝑙𝑜𝑡

ҧ𝑥𝑤 =
σ𝑖=1
𝑛 𝑥𝑖 ⋅ 𝜔𝑖

σ𝑖=1
𝑛 𝑤𝑖

* Note tree plots had scores calculated using biomass weighting 



• Spatial patterns show 

regions with higher 

vulnerability to climate 

• Northeastern Maine 

and central Acadian 

transition 

• Regions with less 

vulnerability to climate

• North Adirondacks 



• Spatial patterns show 

regions with greater 

vulnerability to Insects 

and Disease

• Eastern Maine and 

central Acadian 

transition 

• Regions with less 

vulnerability to Insects 

and Disease

• Northern 

Adirondacks 



• Spatial patterns show 

regions with less 

Adaptability

• Northeastern Maine 

and central Acadian 

transition 

• Regions with greater 

Adaptability 

• Central coastal Maine
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• Spatial patterns show regions 

with decreased Adaptability

• Northern spruce 

hardwoods

• Regions with increased 

Adaptability

• Sporadic changes in 

Hudson river valley 

(seedlings)

• Largest changes in 

understory  

p = 0.30

p = 0.00
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• Increase in Vulnerability to 

Climate

• Central Acadian 

transition

• Reduction in Vulnerability to 

Climate 

• North Adirondacks 

(seedlings)

• Largest average change in 

overstory

• Likely due to sporadic 

increased in understory 

diversity 

p = 0.31

p = 0.02
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• Increase in vulnerability to 

insects and disease

• Central Acadian 

transition

• Reduction in changes in 

vulnerability to insects and 

disease

• Northwestern 

Adirondacks (seedlings) 

• Largest average changes in 

overstory 

p = 0.00

p = 0.20



Clustered Regions of  Like Change 

• 6 Regions of  like 

change and spatial 

orientation

• Broad biological 

patterns close to what 

we might expect

• Minimal spatial 

constraining required 

α = 0.1



Broad Characterization of  Changes in Score by Cluster

61 Worst off  (1) to Best off  (6)



Scientific Name Common Name IVI diff Rank diff

Acer pensylvanicum Striped maple 0.0965 0.0133

Quercus rubra Red Oak 0.253 0

Fagus grandifolia American Beech 0.141 0

Tsuga canadensis Eastern Hemplock 0.121 -0.0133

Betula alleghaniensis Yellow Birch 0.346 0.0133

Pinus strobus White Pine 0.21 0

Abies balsamea Balsam Fir 1.21 0

Acer rubrum Red Maple 0.212 0

Species in 90th percentile IVI change 

• Some dominant species holding and increasing 

dominance

• Changes in species occurring in center of  

distribution

• Changes are occurring across whole range



• There have been changes in overstory and understory adaptability and vulnerability to climate, insects 

and disease 

• The spatial pattern however differ under each scoring system

• Greatest observable changes occurred in regeneration layer 

• Considering all variables there are 6 distinct regions of  similar changes. Greatest risk regions include:

• Southern Acadian transition

• Acadian boreal transition (north and northeastern Maine)

• Species driving this trend appear to be driven by certain species becoming more dominant, as well as 

less vulnerable species being replaced by other more vulnerable ones  
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